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COMPIJBTE SPECIHCATION 
Improyementsihori^^^^^ 

and Appaxatus for 1^^^ Maiiufactur^^ 

Li^c^%™ Ch^annes, ' a : Swiss : to tlie^fihi film under riressure. a surface of 
izen, of 57 Montamie Street BtYwitiTm ;i fi,« cil. l^^^ "^^?' of 
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atizeh, of 57 Montague. ^ec^ Brboklyn 1, 
New YorJc, Sme of New Yiorfc Unitc^^ 
of America^ do. heteby ; declare the iiivcntioily 
for which I pray that a . patent imay be 
to me, aiid the: method : by^ which it is to tie 
performed, to -be p^tioilirly deslcnbcd iii 
and by the following " statement ; — ' • 
. ;This inYcnticm. concerns a laminated stnic- 
ture having closed cells , defined thkein arid 
suitable for use, for. example, as a cushioning 
matenal or for shockrabsdcbing purposes in 
packaging of ^products; for; the paddiiag of 
fmjiiture br.trii«miiig or linfeg ears oi trucks; 
or for heat xnstilatioh and like purpbises. 

An object of the invendoh is to provide a 
novel eflEecdve method of sealinjg togedier: to 
form a laminatai sthicnire, t^o fi^ of tlicr- 
moplastics or material having a thermoplastic 
stage (hCTeinafter referred te as thiennoi>lasti(s) 
in such a manner as to defiie, between such 
iilms, a plumlityVof .cells wherein aii- is: en4 
trapped, which pennits of -rapid and con- 
tinuous production of the structure whilst 
ensuring eflfidcnt sealing together of the filiiis. 

With this object in view, the present in- 
vention provides a method of producing a 
laniinated structure having hollow, ' closed 
cells defined therein and . suitable for-use^ for 
example, as a cushioning material comprising : 
heat-treating, a .first film . of daennopilastics 
untp at least one surface thereof -is ;at its 
fusing temperature^ heat-trektihg i ^ond • 
: fihn of thermoplastics until; atieast one siorface 
thereof is at its fusing temperature, thereafter 
passing the first fihn over an embossing roller 
provided with a; plurality of : surface cavities 
with a film surface which is at its fusing tem- 
perature remote from the embossing roller, de- 
pressing the first film mto the surface cavi- 
ties, and thaeafter applying *&e scccj)d film 



the second film which is at its fusing tern- 
pcratur^beihg^a^ the non- 

y d^^sed-parts. of the of the first fihn 45 

^tth IS remote from the ; embossing roller 
• W'Aercl^y thc= secciid fihn- becomes welded to 
tne..first; film either fihn, 

tte combined fihns forniirig the said lamina- 
ted stru^c, wMdi;is theteaftk^^^ from 50 
the cmbcw^mg by a separate nonwembos- 
smg strjppihg roller. 

T^e %enii6n ; further provides apparatus 
for prodiicing a laminated structure, having 
hollow closed cells defined therein, and sui^ 55 
able ; for ::iise, foi: example, as a cushioning 
material, comprising means for heat-treating 
a first fihn: bf thermoplastics until at least one 
surface;: thereof, is. at: its. .fusing tahperaturc 
and for leading the first film in its heated 60 
condition: over an embossing srctller; provided 
Willi- z plurality of suif ace cavities land arran- 
ged so that a: suiface of the fihn which is at its 
fufflhg temperature is remote from dhe euA 
mg roUer, imeaiis for depressing die heat- 65 
treated first fiha into the surface cavities, 
means fcjr; heat-treating a second fihn of 
thennoplastics ..until at least one surface there- 
of is a|t;Jts toing teriiperatur^ means for 
f eedmg tile isecond film in ihe heated condi- 70 
tion onto^ the first: film da said embossing 
roUer at a point beyond that «t which the 
first pn.is depressed into the surface cavities 
yntfajia surface of the second film whicih is at 
Its fusing; temperature contacting, the non- 75 
depressed portions :df the first film^imwns for 
applying ^pressure to the fihns to cause theni 
to become welded tojgether, ^vithout rubtuiinff 
of ieither film, to form said laminatwi struc- 
ture, and a separate non-embossing stripping 80 
roUer co-operatmg with the exnbossing roller 
for removing, the laioiinated sthirtlTO there- 
from. 
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' lie fusing tenip for certain- tiieinH>r 

^^figg 3;t4 ajid 'S aBe; similar Views sh^ 

•%speicdv€fe^:tl^|:fd$^ 

ihfiBts -of •#fij>i>^»^ V -,'?a.|^t:iiK.-i ^^'^.^ 
:^ ;Kg- Is :=is% partpcd^ 

•lecture ;|ioauce| b^, tHib^i^f • 
: Fig^7 135 ; a planOviOT cbirespcmaingvto , 
^= Fig. 8 is a .disigt^pnattc fragmehta^acio . 
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:f M'ai&^gmoita^ ^eratiba c^^ 

cfe'^infiiid^ jioifer • of - pig'; 85 : ) 1; .;• nH; 
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l_^ >&rV^iii wTTiilar tii FlfiT. :10* -ibUl 
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tlii^ IgfirifimStratfe^^ 



■apparatus .UliBtrated comprises a romtiiig 
mbuidiiig rblliar 10 which is provided, m its 
outer 'ininried^ with a pliir^i^ of 

^cavities siiid^^ ; w^^ 

J^yaanife mcSMng^ The. cavities^ fnay be 

;6f : anyi dedrcd aSfiguiation. For instance they, 
may tt^h^^ Figs* 8 ind 9 

^ and « i will la^ 

fbpt :filni :H' of a mouldable therino- 
:ipbi^ii<i- is fed to^te hy 
ii^S ctf guide and 14. These, 

guide iibUeb 12, 13 and 14 are preferably 
•'heated ' rollfers: ; whic^^^^ heated, to ! sixcces- 
^sivc]^3hi^i& -tempef^^ so that, ihc tem- 
..peratuie cxf. tiie; film^^ll: is raised p^ogressivdy 
vai it : Jiassia !.sucxesa^ around said; rollers,, 
the jfilni llr pasauig r onto the embossing rtdJec 
10 at; a ipredetiermiried temperatiire approxf- 
matini to 8i£ttia!r wlu the thebhopiastics of 
i fe filin ll is. f^ of the 

heated rollers vral^ depend upon the 

/inatenal bfvthe'^film^^' l^^^ in the 

icais4 of ^ '^^^^ 

die rioller 12 will' be maintained .at approxi- : 
maiily 180^ F to 280** F while ithc rollers 
13 and 14 will be iaaintained at about 230° 

V Once in ccmtac^ witii the cmbossipg roller 
iPj-^ib first fite at its fusmg 

i tem^jerature by; a heater 15 and the vacuum 
nioulding m^ans (nbt shown) operates to draw 
■ ihtc| the cacvities portions of the first 
film 11 whiii toytt^ cayities> so that 

^ dep^e?si6ni (Cpr^ to the shapes of the 

cavities; aii;>£b5^^ Ae: first fihn. 11. The 
TiKe^ cii the may, if dcsiied, be ob- 

- mtei^^ iP.is of 

fiMt-conduci^ providing a 

stirfaiiSe cpy6m outer curved surface 

xxtf'OTci rbUbr^:10,;^ic. on! the portions W 

• betwebn"thfe cayitieaMBee also i?ig$. :8 and 9) 
>: k cdyering af^Vheat-instdatiiJg material. In 
y'Ais cascjl thbp H which are 
' diiwA iirto the jt^^ to form the depressions 
f bedame cooled iby^ .coh the walls de- 

inu^ the xavWbiv^he^ the non-depressed' 
r pcflti&s. of ffie fihn; (which portions contact 
;tfae':heat-ifeula&g;^^ their heat 

arid a» le^ rapicU^^rf or a .purpose- which will 
f shoitl/ become apgaxent 

• t Ilie:film 11, with: its: non-depressed por- 
Itiomimaintained £^ temperature at . 

• -which 'Ac' thennppla^^ is .fusible ^er by 
the heater 15: ^r bjt^^ o^ being insulated 
frbm :contict with & faeat-conducdng material 
of :the embo^Srig^r^^^ 10, is carried by 

^the^ embossing: r6^^ towards a pressure 
' ridiei 19 which seiires to guide a second film 

V iiSLlonto the first Jilih" 11, whilst on the roUer 
: IQy & as;:to cn?^i^ depressions therein. In 
V^niQvmg ontbV the ;;first film 11, the second 
: 'film 4^ pasises o^ei' guide rollers 17 and 18 
! as .iW^' as the f piressike roller 19, and these 

M]jas (like thei gtiide rollers 12, 13 and 
'14) ^ formed a^ heatmg roU^^ which ^crv^ 
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to heat tte second film 16 jirogressivdy so ^ . film 11 are drawn inio.. 

that it passes onto the first film the ca;vities in the embos^g roller 10, the 

temperaturej . . : / . .ddcwalls -80 of the 'dcpiiessibns . or emboss- 

As the two films 11 and 16 .a|cc broiight' nients. 24 ^taper fraiii a maxiniTm thickness 

5 . together, feipii of ti» second: film^^ where' they conned with .t^ 70 

' non-d|^res5ed "portions the - first :fihn 11 pOTtions of : the film: 11 t(^ a mmim«Tn at the 

ocaire, the pressure T^^ extremities , of the depressfibns 24 remote' from; 

pressure ti' l^fe tH^ films, w^ the isoopera- the lion-depressed portilims of the film 11. 
tibn of tha einbossifi|: toiler 10. As Idie em- : Rrferring now to . FigS;. 2 to 5 these figinres 

10 bossing rofe iO :dontmucs to show alteraative m^ of- 75 

±e laininiat^d stnicttir^: formed by the fiisin^ apparatus for pfqdidng .the laminated struc-: 
tc^eifir ofiithe two films Preference Numerals have 

i:olIer 20 during which tile stiTictiirc: (ind^ ^been. allocated- to parts; thitteof/w^ 

ted byjrefiiiende numttai 21)^^ sMlar to parts ali^ idescribed. with 
piiig X^}[cr-i2^ / 80 

ture .21 from the enib^ossing rbUer 10: ^4 to In tiie . apparatus of Fig. 2, the embossing 

fe^ it e.gy for -furdier' procb;^^^' o roller 10; is fe4 with: a first film 25 by guide 

packaging-in; rolls, or smtable; fbrms; rollers 2iSj; 27,; 28 and 29; of which at least 

Tie pressure appfiei the rollets;27i 28;and 29 are formed as heated 

20 I9.is;a factor aflfe^iiife^ the i roUiks which sotc, as in th^^ 85 

of- :lhe. filnii Assunim^ the fijihs^both : to be Fig. 1, prcigreiively: to heat tihie fiirst film 25. 

of low; density polyethylene of a\ few- lipn^^ so as to; fe^d it to the anbossing roller 10 at 

sands of smj inch in thiclcncssiand the Toilers - a: general temperature whereat it ii inouidablc 

12, 13, l^,: I?, 18 and 19 to be heatejd: to and can be fused readily ; to a second film 

25 the tempei|fLturb previcmsly niehticmed a .pres- " 31. Depressions are formed in the first filpd 90 

sure of from 30 to 60 pounds per scjuM^^ 25 in exactly same way as in the pre- 

&i the preysinre roller 19 is ;$iatirfactory. The cediiig.exaiiiple but the second;:fihn 31 is fed 

pressure; . ij^quired • to \ obtain H elSdent fusion . dirscdy f rpm extrusion apparatus;32 by way of 

of the films; isi- howeverj essentially kn-inverse a; pressure roller. 30; ont6 the' first fihn 25. 

30 function ofithe fihh tcinperatairi . ^ :'Smbe die ; second film 31; will normally. leave 95 

Referring- now tb: Figs. 8 and ?>; these figures the extrusiori ^pparams 32 at a temperature 

show one f pmi; of -cmbbssihg; roller 10 ^suitable . higher than that necessary to cnsiire efiident 

for use in; the. apparatus of pigi 1 ; (arid also fusion of isru<i|film. 31 jwith the fii;st fihn 25, 

the embodimeiits :of- apparati^ of Figs. 2 to the pressure i roller 30 is preferably coded so 

35 5, .3^ to |be rdcscribed) antf^;t^^ as to-cpol|the;:second fiJfei 31; 100 
instrumental in producmg a ;larniiiated struc- - Fusion together pf the films .25, 31 to pro- 

tine such as is shown in detail- in .Fig.; 6, duce the liaminated stnictture 37 occurs as in 

7 and Id. . the preceding;, example, znd after cooling 

As can' be "seen in Figs, 8 and; 9, the whilst tray elling' on die embosang roller lOj 

■ 40 cavities therein are hexagonaliri shape and the bemeen tlie pressure roller 30. knd a strij^ing 105 

bottoni of i each cavity coDnects widi vacuum roller 33,: the ifinished structure is conducted 

moulding, meatis inciuding' a; respective^ pas- away from the embossing -roller 10 by the 

sage 22, for each cavity, said: cavities commu- .-strippmg' roller 33 and successive rollers 34i 

nieating with a manifold 2^. ittius,' as J the 35 and 36, of which the rollers 34 and 35 

45 first film 11 passes onto the '^bossing rbilier, inay be coolied. to ensure complete cooling of 110 

vacdum applied to the cavitie^ by way of the the structure 37- 

manifold 23 ind the passages 22 : serves :to . Fig. 3 shows an arrangement wherem both 

draw into .such cavities those; portions of the films are ; continuously extruded.: In this case, 

fihn 11 which overlie the -cavities, : thereby the' first: film 47 is extruded by^ an extruding 

50 forming, : in thfe fihn 11^ hexagonal depre^pns apparat.us 48: ohto a guide roller 49 from which 115 

or embossments 24 (see Figs. 6, 7 and: 10). it ^passes onto. the. embossing ;roller 10. 
Fig. 6 shows-; th€i sedbhd film 16 separated An endless belt 50 serves to maintain the 

from the fim^filin 11; purely^ for the purposes first fihn . in contact with the; , guide roller 

of illustration, but it^will be seen from Fig. 49: as it passes; around the lauer, and this 

55 10 that -the seicond film 16! is fused to the belt passes around bdt rollers 5 Ij 52 and 53 120 

first fihn '11 where contacted by the non- which ;togcthef with the guide roller 49, may 

embossed (portions of= the latter, so that the be cooled to enisiue that the film 47 passes 
depression^ 24 together with ^ the; second fihn onto the tinbqssing roller 10 at a temperature 
16 define between them a plurality of dosed suitable 'for ^depressions to be -formed tfaeicin 

60 cells in the finished laminated stcucture. Tests in a maimer sttnilar to that akeady described, 125 
have shown that the method of the inyezition and for ^bsequent fusion of a second film 
. provides: for kutight sealing: of eaci of the 41 thereto, 
cells. ■ ;Thei. second fihn 41 is sunilady extruded. 

Fig. 10 also shows that, due to' the- drawing by., means, of an extruder 40. onto a^ gidde 

65 effect which occurs when the ■corrcg>onding roller 42 'against which such fihn 41 is held 130 
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by an. enidless bdt 43 rozining axotind the belt 
roQers 44, 45; and. 46 some . or all of 'wiiidi 
are. coded to a>6i tbe estnided film 41 to a 
sdtable : tiempm^ 

first filni .47. .As :.^iih tbe-^rex^^ esamples^ 
the giude: roller; 42 .:act^ : m a j>tps5Uib rplla: 
and applies :die'^seqind'.fi^^ fitst 
film =47!. after . id^ have: beeh 

formed in the .latter, whilst at the same 
time.-causing fusun'pf suc^^^ film 41 to 
die nbn^piessied portions! of the first film 

■47..- ■ ^ ■ : •• ; H- . . 

The liesultant^lainmated^ .55 cools 

as it passes iiajccamd 'ihcv^^m roller 10 

and is stiapped iierfe&o^^ a; stepping roHo- 
54 which jinay^ tif ; diwiredi;^fe^:^e 
to furth^ coaliiig rpllere ; (not sttowa).! . ■ 

The OTangiemaat of "Fig* 4 is. somewhat 
simOiar :to ,that <i fi^. 3 in itbat-both ihie films 
are extruded ai^ pasawi ^ijr^y b .the lem^ 
bossing- teller = 10:, Iii; th^^jcase;, : lioy^^ a 
double extrude^ '^Q prpdn|cs both the first 
filin 61 iind the': second ;fifrn 62. 

The first fijjnjei is fedrto guide: roller 
63 which transf eics it to the embossing j roller 
10 for produihiqn of. thcrd|pic^ therein^ 
an endless^ belt ^4; siiiular lio the belt 50 of 
Fig. 3, tkried^by belt' i^ :65, 66 and 
67 and; serving -"to hold ^ filiax . 6L 

against , idbe gcude rdikr^^ 

TTie second film .62 is. extruded oiato a pres-^ 
sure rpllcir; 62^ which alppH^^^ the^uch second 
filni 62 to the ^ist film: (Siyjafiter embossment 
of the latter by ^ ai^ ip,-and 
is fiisedihisietO ^s in the:pp|oechng .exa^ 
The resultant laminated ^ 
as it iS'! bme(f;"ar6i[md 
roller 10 from th^ ptd^'re ^ roller : 62^ to a 
Stripping^ roller 69 which x&iotos ; the ! struc- 
ture 68 whereaf&r it may i |« to 
or processed as feay be d«yired. 

In . certain ii^ianctt,- it [may be desirable , 
to provide a ; laminated stcucturc 
of two films whidi ; are;; w^lSed; together, ai^ 
each of: which .flas ciiepfessm . 
Fig. 5 shows a form ofrapRa^ for^ 
preparing' such, a: strudbx^l Id ^ this emb6:di-' 
ment of .the apparatuis,; ! filst^ fed; 
by a heated'gui% ro|Utt:7li|p^ 
bossing roller 72 which is: siabstaiitially similar, 
to the embosaii^- roller itf jof^the preceding; 
embodiments. As; . the ::.em roUisar 72- 

rotates it. creates^ the depre^ in thb first 
film 70 and thexi inc«rM:it|)a$^ a heater 7S 
which m&tains rsuch ;fifci Uub^an a; 
temperature wMdi is suitable^ifbf fiiMon'of the: 
fiist film 70 to a se5:pnd filni 73.: TheJatter; 
is fed by a guide :failer 7^ onto a. vacuum * 
moulding: belt 75 i^guide^^^^^ roll^ 76, 

77 and :tensiohed> by? a- .teMohing rolkr 79 . 
so that one run bf.su<i belt 75 passes par- 



tial^ :around the moulding roller 72. .Cavities 
are provided in the belt 75 in the same way 
as they are provided in the embosslnjg roller 
72>j;and sudh cavities axe simflarly. spaced to 65 
Ihosie m the it>Iler 72» the belt 75 and zbller 
.72 ' being cbordmated so die cavities 
register vnth j^^^ 

The belt:., 75: moves the second film 73 
past die heater 7» which maintains sudi film 70 
73^ at; -a t^iiperataie suitable for; the fusioii 
thei^pf to the first film 70i Such fusion is 
effect^ in : thiS: case the belt 75 pressing 
the second film :73 . against the- first film 
70 under the tension applied by the tension- 75 
ing roller ??• 

It :will be appredated of course, that in this 
embodraent: of the apparatus, either or both 
of thc'fUiiiis 70 73 may be fed directly 
from' a ri^ectiye extruder, and a moulding 80 
roller similar to the rollers 10 and 72 could 
be used in place of the embossing belt 75, such 
roller serving both to': produce depnlssions in 
the second :film 73 and as a pressure roller to 
apply the s^ond film 73 to; and fuse it to the 85 
first - film " 7P. on the embossing roller 72. 

The forni of the laminated :structure pro- 
duced by iffi is illustrated gener- 
aify in Fig. 23 and will be described later in 
detail. 90 

:if the descobed methods are carried into 
effect at normal atmospheric piessur^ cooling 
oi the resultant laminated structure will result 
in; contraction of the air sealed into each of 
the cells defined by theldepres^ibiis in the first 95 
film arid the second film extenciing thereacross, 
so that each of stidi cdls will, nahixally, be- 
come slightly ;deflated; upon, cooling of the 
structttre. In certain applications, it may be 
desixable that ;thc air in such;. cells should, _100 
after; dcfladon of the sttuctur^ hfiL.^ -a presstcfe 
sufctantiaUy equa^la-isr sGgM greater dian 
atniosphefic, imd this ckn be aciiieved, for ex- 
ample,; by caning out the rafethod at a pres- 
isure higheritii^ atmospheric pressure. Alter- 105 
nativbiy, it is ;possible, after; cpohng of the 
laminated stmcture, to reheat the structure so 
that it .becomes slightly plastic and shrinks to 
a small degree so that the resultant contrac- 
tion of die i dells : produces sdmewhat siballer, 110 
but ftiUy inflated cells. 

As previously stated, die temperatures at 
which the fihns are fused together wili depend 
upon the material; of such films, so that the 
temperature at which :the films are applied 115 
to the emfaossihg rollers or belt will be varied 
accordingly; ;The following tkble indicates the 
fusion temperatures of various typical thenno- 
plasdcs whidi may be employed; for the films 
used mifoimmg the la^ 120 , 

ding to the ahvention: 



Class of jnaterial 

to be fused. 
. Polyyihyi chloride and its a^olymiefs - . 
Pblycthylchcs (iow .and mediiim- density) 
Polyethyiene - (high debsiiy). - - - 
:-Pblystyreiies - - - • .* . 
Polyprdpylenes . - - 



Fusion TBMPHRAinmE Table 

. Fiisioa Temperatures in 
Degrees Fahrenheit 
325' to 350' 
240" to 270^ 



270* to 320* 
250" to-275* 
280" t» 330° 



Various .embodiments of the. laminated 
10 structure produced 'ia accordance with the 
mventibn are shown generally in Figs 6 
7^ and 10 to 23/ The, form of the invaition 
shown m Figs; 6: and 7 has akeady been 
oescnbed and iinyolyes the utilization of • hexa- 
15 gonaj sealed depressions 24, and in Fig. 10 
it will be bbserv^dl that cadh depressiba 24 
has ^de walls 80 . which taper so that the 
thmnest portibn of . the wall is furthest, from 
the seaHngifiim; 16. the achievement of this 
20 has ajso previously b^n described/ The utilize 
anon- of the tapered! wall structure as- indi- 
cated: at 80 proyidw,; in the laminated struc- 
ture, mechaniqal shock-absorbing action which 
siqjpiements ttie^pneuriiatic actiori arising f^in 
25 the: air sealed m the cells of the structure. 
The cells noimally contain air sealed therein 
and when pressfure is; applied to compress sich 
cells, the walls, diereof will tend to expand 
and permit: each; cell^ to be compressed. In 
30 many cases; there is a point beyond which 
farther comjpressiofi cannot be withstood with- 
out rupturing die defjressions 24. In such an 
instance, the wall 80 will provide further 
support and, as the depression 24 itself i is 
35 crushed,: the walls .SO will afford increasing 
resistance uhdl imdi time as the strucpirc is 
completely destCDjred. Thusj. the ^jCructwr^ ! of 
Figs. 7 and; 10 :provides me^nical, as welf 
aa pneumatic, sfaock-abSOTbing! action abd 
40 Budi latter action is ideal when iht material 
is employed to protect objects whiich may be 
dropped from high i^elevations and' which re-., 
quire substantial shikk-absod^g .actiM 
^ough the shock absorbers are cru^ed during 
^5 impact with the ground. One such instance 
would be in the .dropping of articles from 
aircraft, wherein it is ' merely necessary -to 
provide means! to protect the articles against 
being damaged Upon inipact with, the ground. 
50 The depressions 2^' may be naade of any 
desired shape or coinfiguratian with, uniform 
or tapered tvalls and a naodified- structure^ is 
shown in Figs: ll.aiid .12. In this case, the 
sealed depressions, denoted by the numeral 
55 82, are circular in configuration; and vrill 
afford a sonoicwhat inodified cushioning action. 

Another consideration in the fabrication :of 
the structure in . accordance with the inven- 
tion is the thicktiess of the films to be lami- 
60 nated As the films,, are increased in thick- 
ness> additional shodk-resisting action will ix: 
provided. In' cectain; cases, it may. be deslr" 
able to use a first fihn' of a fairly smiall gauge 



for instance. froml to 5 Aousandths of an inchi 
in thickness, while the second fihri may be 65 
relatively stifi to lend support to the stnio- 
ture. Thus, any iiumber of variations may be 
made m the thickness :of the sealed fihns. and . 
the size and con^gm-ations of the depressions 
to attain ariy desired shock-absorbing charac- 70 
. teristics. 

Fig. 13 illustrates still another embodiment 
of iht structure wherein the sealed depressions 
dcnpted herem by the numeral 83, are heini- 
sjpherical in form. A hemispfee has: been 75 
found to provide a shock-absorbing action 
diffeirent from that of the inventicai showii in 
Figs. 6 and 11, since the hemispheres can 
be compressed; with a lighter force than that 
reguiredi to mitiate cwnpression (Hi the pre- 80 
vibusly described forms of the . depressipns> 
althm^ the miximiim resistance obtained 
from the hemispherical configuration i^ sub- 
stantialiy the same as that obtained in the 
previous fonms, With.: the hemisphere, how- 85 
ever, the use of the tapered wall 84, while 
lending mechanical shock-absorbing action, 
will not provide the degree of shock-absorb- 
ing action that would be obtained, for in- 
stance, by the . form of the invention shown • 90 
in Figs. -6 and 10. 

In certain cases, it may be desirable to 
combine the laminated structure produced in 
accordance with the invention with other lami- 
nar materials. In the case of packaging, for 95 
instance, it may be desirable to apply a 
coated paper to one side of the structure, 
and this is illustrated in Fig. 14 wherein 
the paper, doioted by the numeral 85, is 
laminated to the . second film 86 of a lami- 100 
nated stmcture comprising an embossed fir^ 
fihn 87 to which the second fihn 86 has 
been fused in the manner described in con- 
nection with any of Figs. 1 to 4. 

\5'lien the laminated structure is to be uti- 105 
lized for fuhiiture, rug padding or other 
similar applicaiions, it may be- desirable to 
utilize a f^rici backing 88 as illustrated in 
Fig. 15. In the case of paper and fabric 
lammates, as shown in Figs. 14 and 15, the 110 
paper '85 of fabric 88, as the case- may be, 
is preferably, first coated with or laminated 
onto the second , fiim 86 prior to sealing the 
latter to the first fihn 87, though other pro- 
cedures may be used to attam the structure. 115 

Fig. 16 illustrates sdll another embodunent 
of tj^e structure produced by the mediod of 
the invention wherein an embossed first film 
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8? is.'pipvid<d .'with!^a sestog of sec^ 
' ■ ' 90 ifus^d tiici^(>^ " to^^ ft pl]inality .of 

scaled cells 91 ^d * Jij# 

to ;extremitieB of :tike m ,the 

:5 first -film 89 iremcte & 

' parts of;- sudr ^;film to ^px(>nd&y S^ jaroiniaTed 

material havfeg ^tjro: e^iitja^^ • 

The furieir fitai;;92: in^^^^ 

subrtaatiaiiy ..pa^ to. jit s&pM- fi^ 
10 and it may be attach^ td: to fiiret fi%:;8^^^^ 

iieat; s^taling ot^ by* meiMJs-iof . an apf>tc^ate 
• adliesiTCi it beuig; ii€*el^^ effect 

a good : mediamcal. bond ; between : the films 

8? :ia4 92, as ajhen^ 
15 Tfiis .rtructoer'pirovideis foi uniform iprdssurc 
: distribiirioibbtwi^^^ 

if destted the.iil^ripbei^ edges of the structiice ~= 
- may be sealed :by se.&g:th^ seccmd and M 

ther ; lifaM 9(} 92 jtpg^ha^ in 

. and^ the^ iike^L lids V^P^^'^^ 
w&n:&e struci^e is to b^^^ 
ture pkckagirig^ mi similar 
.purposes/, .•■ 

25 Figs. 17 to:' 19: iUostlke an £^ 

wh<^efn two laniinated structures produced in 
accordance with lie myentioh are combmed to 
OTovide a. singy coiApoate 'assembly; 
; be: 6bi^itSi 0m 17: iat twp^^epaiatsr ; 

30 laminated stractiires^ d^otiid resj^ctiyely by 
the n\imerafer 93 and 9% ^arc; provided m 
the scaled • dqjressiotni • ??J and : 94^^ tfaejeof = 
arfangM in ielEfively >id(^^ 
ship/ Each; bjF:Jd^ sttiiciM^ coj^ . 

55 Responds esseiiSa^^ tp; tlie 'K^ in 
Figs. 11 and:;El2 arid jiiay % c^^ - 
solely of twbvfilms sealed- toge&c^^^^^ 
have one < of ^ thb films rombiped; with other 
inkaials a!s d^sCTii)^ Kii reference ; 

4Q 14 and:; 15. stanic^jEDk f3 and 94 are 
secured in ■ bvcfiyu^i: fMfr-to-fare 
■ ship, with the^ sealed, ae^resaons : 9 located 
between the; ;depi^ons:?4* tod yice^^^ 
so 4mt iiei ;ti^^ iictoessipf the 'i^ is ^ 

45 mk appredably greatei i ' 
of" dther one 'of • tlie stwcto^ 93- andx94. 
■ Tie cbmbiiiM assmliy^^ '^^ -^i^-: : 

18 with :^^i€pr^^ - 

• lines '\dule ; tfid depreswOT^^^ 

50 in dotted Hiiei^! The ridative oi . 
the d^i«ssibns; 9^^ bc: observed: 

: m^likiidyfm ;iig. 119^^ tibc 
• resuttiDff 'ite -subiiantipy; : 1^^ a- ;con- 
djittoiisl-rdjrti&s^ 

55 miKvat^ ' ; t. 

. iFigl' 20iiJius^^ fonit of the 

tstnictil^ prdduadrby^]die;m^ 
ve^oii/ wli^cm the laniiriated films are; eh- 
: clewed betwreen batderlasw^ w^ 
0 stxuctM^ agSfist gas and moistu^ In 
: this "f onn the istructiirei mcludes a: suitably 
jn6ulded'first^filinr95i^^^ ^ 
" overiyirig tiurd''fihrL:97>:i^^^ upperT..aiid lower, 

bteicr:kycra:9*.and:??^ 
65 iriiniuiQ foil-br other: -^s^^ 



edges 100 of the .^ims 96 and 97 and the 
barrier layers 98 and 99 are sealed about the 
entire periphery ; of the structure so as to be 
compleJely protected. 

In certain applications it is desirable to 70 
combine the JceSlient . qualides of materials 
sudi as foamied rubber with; the= cushioning 
qualities of the, laminated structure of the 
invention.. For ttus purpose/ a modified struc- 
ture, as shown for example in Fig. 21, may 75 
be employed wherein the lanimated structure 
(such :ias' shown in Fig. 7 for' instance) depo- 
rted generally by -the reference numeral 21 
may be combined with: a layer . of foamed 
rubber 101 cemented;: or otherwise adhered 80 
to one side thereof . While Irulibcr; and rubber- 
Eke niiateriaki ban be fabricated with a variety 
of resilience, they cannot afford the adyan- 
t^s brthc structure ;prbduci?d m accordance 
vndi the ipventiori. Hpweveri . ^oiild a wide S5 
range; of .cu^oning action be 'desirable, it 
has been found -'advantiigcqusr to .conihine a 
layer of fdaiied tubbbr- or foanied ^tiietic 
rubber havinjg a Very - soft cushioning charac- 
teristic, with: a iaminat^ struaioe embody- 90 
ing a pluriility of sealed : elements, in accor- 
dance \rfth & mventibn; Tihus- the charac- 
teristics: of the; two materials \^ afford a 
i^posite structurje th^^ provide a shock- 
absorbing and cushioiingi action not heteto- 95 
fbre • Attainable wth knpwn stnicturb. It is 
^lisd^ - ipfi^^t thiat dense resilient materials 
ihay W litilijKd,! depend^ on the character 
aid ilnaotte ; of the, ijshockTahsbrbing ind 
cushicijuii^ actiooisi desk .; ■' ^ 100 

Fig. 22 iiliistrates* fit further embodiment of 
die invention wherdh' tfc laxi^ structure, 
suchl as^tte-Stpicra 21; pcevioudy-desprihed, - 
is cornpietely e^clb&tl*^thin: natural or syn- 
thetic rubber materials of desired den- 105 
sity. ■ One layer 102 of tiie natural- or synthetic 
robber is adhered to one side of the second 
film ^W^lile a second layer 103 is adhered to 
the other side ^ of the istruccuire with the 
material of the layer 103 filling spaces "be-" no 
tween the sealed d^rcssions;24. In th^ way 
the material! of the layer 103- not only affords 
; additional resiliency, but laids support for 
thP.; depiessipns/24.: This form of the iiiven- 
tion is paxticulairly useful for furniture pad- 115 
[ dinig, mattresses ; iand the like and is inexpen- 
sive even thou^ it provides a particulady 
■ good ciishioning ; action. 

Fig. 23 illustrates still another modification 
of the structipre -involving: the sealing of two 120 
- embossed films in back-to-back relationship. 
In this form of the striicmre two embossed 
.fihns 104 and 105 each having a plurality of 
dq)ressions 104* and 105^ respectively are heat 
sealed one to the. other to form a plurality of 125 
. s^led cells. 

* The :impr6ved fusing technique in accord- 
ance widi the invention wherein a moulded 
film is heat-sealed to a second fihn by pro- 
parly mamtainihg at least the mating surfaces 130 
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at a temperatoe suitable for fusing before thereafter apjilying die second film to the first 65 

pressing them together to form a substantially , filih under pressore,. a surface of the second 

unitary resultant structure permits tHe inttro- film which is at its fusing tempetature being 

diictibn of other materials between the seal^ . aminged to contact the non-depressed parts of 

5 layer? for. moisture-vapouf-proofnessy ! the surface of the first film \diich is reniote. 

don against fungi, bacteria,; insects or rodents^ ! from the Embossing roUer whereby the second 70 

fircprobfing and similar purposes. For : in- film becomes: welded to the first fihn without 
stance, just prior to the iteat-sealing . of . the / rupturing eidief . filnia: the , combined • films 

second film to the embossed first film,, pow- forming the said laminated structure, which 

10 der^ calcium Isilic^te x^ ddciu^^ ste^te.am is thereafter stripped from the embossing rol- 
be inttodubed to absorb inoisture and water / ler by a separate non^enibossxng stripping 75 
vapour ..and provide i c^^ . . ' . 

phere wthin the .seded dd^ .2. A . method as claimed in the preceding 

sui^blej cotnpound of botrpn. said ;al^h^onivuIl : claim wherein , the first fijm is produced 

15 sulphate inay be iritrpduced be^ . a film .eirtnider irom which said first film 

inimjediately prior, to the fiisioii, for . fire- passes <mt6 the" embossing roller. 80 
prodOng: piirppses. A mc±od as daimed in dlher preceding 

It evident from the foregoing y^^^ claim whereiix the second fihn is produced 

tion that the films einployed in cari^dng out by a fihn extrtider from which said second 

20 the presoit ; inventicm may; be of polyvinyl film passes onto die first film on the em- 

chloriide; and its ccHpolymers; poiyethy^ bossing ; roller. ^ 85 
polystyrenes. and pblypropylenes, all,<^^^ 4. i A method as claimed in claim 1 or 

are so-caUed/ftherinoplasucs". It w daim 2 or claim 3 wherein tiie method is 

apparent froni thie -dtscripnpn, particularly performed at a pressure exceeding normal 

25 rdatiye^ to Figs. 1 to 5, that in. carrying : the atmospheric pressure, so that when the xesul- 

invenrioii imo effect the first i film lat least ; tant laniinated structure is subsequently trans-' go 

must be cap^le at an cJeyat^^ f erred to ^ nonnal atmosphere the pressure 

bdng mould^lto enable the d^^ within the.= cells ensures that the latter are 

f btni^d therein and - that; both, thfe .first' .and fully' iriflatoir . ; _ 

30 second • fihn inlust be capatie^of bdng fCised ! 5. A method^ as claimed in daim 1, 2, 3 

together at . an' i^^yated te^ or .4: wherein: the resultmg laminated struc- 95 

appUcatipn of pi^ssUre ture is pecmittdi to cool whilst still on the 

the thwmopla&cs aheady .i^ eipbossing roller. 

olefins, .cp-polyiner^ of . . vinyi; cM ^with . ;6. A method as daimed in any preceding 

35 vinyil acetate, .pplyvinylidjene" .chl andi claini wherein, the second film is formed with 

polyvinyl butynil can also bejdnplpy^d. :Fur- a phurality -of depressions the sparings of which lOO 

thermore, iKe can be made d ihemoset^i^^^ coji^pimds. to the spacing of the depres^ns 

plastics materii^. \yhich hiyt a . thermppldstic ' f pinned in the^ embossed first fihti, the second 

stage, as weli^S imatmals^ fiiqax bemg: applied to the first fihn with its ' 

.40 before airing or. vul^cahismg^ such !as na^i^I depressions in' register with those of the first 

and syiithetic rubbers, tor ex^aplc btityt rub- film so fthat. cprrespondmg depriessions in both 105 

ber. fihns definis each cell 

The sdection of the rnaterial of thelfil^ .7. A method of produdng a laminated 

of course, .niateml to ;ihe £^ structure. suitaHIs^ for use^ for example, as 

45 structure, since soft ciishipniiig. ! he pro- a .cushioning material, substantially as herdn- 

vided if the structure is nrndc: Using -lugfaly before described with reference to the accom- 110 

plastidsed thm .fflms, whilst firm^^ action is panying drawings. 

obtained wth the use of- heavy filr^ 8. Apparatus for producmg a laminated 

ating (X1I7 smaU conouniS'Of pk^ structure,: having hollow, dosed cells defined 

therdn.iaiid suitable for nsc^ for example, as 

50 WHAT I CLAIM IS:~ a cushioning matenal^ compriang means ior 115 

1. A method of producing a laminated heat-treating a; first fiha of thermoplastics 

structure : having hollow: closed cdls: defined uxxtil at least;^ one surface thereof is at its 

therein, and suable for Tise, for exaix^ie, as fusing, teinpei^tute and for leadh^ the first 

a cudiipning material cimiprismg: heat-treat- film in its heated condition over an embossing 

55 ing a first Sm :of thdmc^lastics un roller prdvid^ 'with a plurality of surface 120 

one surface; 'thereof is at its fusing tempera- cavities and arranged so tiiat a surface of the 

ture^ heat-treating a second film of thermo- - film whidi: is at its fudng temperature is 

plastics liintil at least one surface thereof is at remote frorn the embossing roller, means for 

Its fuan^ teinpeirature, ithereafter piassing the depressing; ■ the heat-treated first filna into 

60 first fiiih over aii erabiossihg. roller provided the surface cayities, means, for heat-treatinig 125 
with a plurahty of surface cavities with a film a -second -fihn' of thermoplastics until at least 
surface, w^di is at its fusing, temperature one surface thereof is at its fusing tempera- 
remote; from the; embossing rqllbr, depressing ture, means for ^feeding the second fihn in the 
the firk film into the surface cavities, and heated conditioii onto the first fihn on said 
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embossing roller at a point beyond that at 
whibh tJie first, film is depressed into the 
surface cavities wdi a surface of the sarond 
film whiich is at its. fuang. temperature om- 

5 xzctms -the noa-d^resscd portions of the first . . 
film> means for applying ptessufc to the films 
to (^use them ^to ' become '.welded together 
widiout nurturing ei±er film to form said 
laminated structure,, and a separate hon-em- 

10 ibpsing stripping roller : co-operating with era- 
bossing .roller for removing the laminated 
strudwie ^rfii^^ . ^. 

.9» Apparatus as claimed in daim -8 in- 
cludlirig means for extruding the first film. 

15 10. Apparatus as: claimed in daitp 8; or 
claim 9 including means for extnidihg llie 
sectHid film. . . ' 

11. Apparatus as.', claimed , in daim .9 or 
daim 10 wherein the or each extruder is 

20 arranged vto feed its respective film over 
cooling rollers prior to -iw application to. tibe 
embossihg rbller or the embossed film carded 
thereby. ' i . • • • 

12. Apparatus as.daimed in any of daims 
25 8 to 11/ including extern 

heating the first filmi/whilst it is oftt; the 
embossing rpUec pnor-tp die application of the 
second ^m .thereto.- . , 

13. Apparatus bs daimed in any of daims 
30 8 to 12, wherein &e cavities- infthercmbossmg 

rotter are conneicted tb vacumn means whereby" 
the depressions in the fijst filni can be formed 
by a: vacutim mpddingl; 

14. Apparatus: as dainied in any of daims 
35 8 to 13, mdijdhig.einbpssing- means for prq- 

ducmg on tiie seicdnd'. film;: a pl.urality of 
depressions ijke, sfiadi:^ of which, corresponds 
to thd spacing of tie dqiiessiois in the iirst 
fiim j the ; second": fihn^feeding rn^eans ^ being 

40 arranged to feed the; second fjhn with its i de- 
preissions in Jr^iister' with ihoke of the;; .first 
film ^so that' eath; cdl is defined by. a depres- 
ision m tfe- list film and .a coiriplementary 
depression in the second 'film. 

45 15. Apparatus as; claimed in any of daims 
8 to 14 whefdn. the: embossing roller is pf a - 
heatTCondiicti^ naataiail the : outer- curved 
surface of which is provided with a covering 
of heat-inisulating materiaL ' 
. 50 16. " Appara;tus" for pfodiicing a laminated 
. structure suitable for ust^: for ^ample, as 
a cushioning' material^; substantially as her^- 
beforc describi^ With refdrcncc to and as 
ilhistrated in Fig. H :Kg. 2,: Kg.* 3; Fig. 4^ 

55 Fig; 5 or 'FigS. 8 and- 9;. of jthe aceon^aiiymg 
drawings. 

17. A laminated structure suitable for use, 
for esampl^ as, a ctushiomng^material when 
made by the method of any of daims 1 to 

60. 7. "... 

18. A laminated structure as claimed , m 
claim 17 wherein the depressions are hexa- 
gonaL 

19. A laminated structure as daimed in 
65 claim 18 wherein the walls of the emboss- 



ments taper in thickness from a minimum at 
the extremity of the .embossment remote from 
the nonreno^ssed portions of the respective 
film! to a manmum - \diere said embossments 
join with the non-embossed portions of said 70 
fihn. 

20. A laminated structure as dauned m 
daixn 17 wherein die d^ressions have cylin- 
drical sidewalls. 

21. A laminated structure as dauned in 75 
claim 17 wfaerdix jthe depressions are sub* 
stantially hc^qiherical. 

22. A lamiioated structure as daimed in 
any of . daims 17 to' 21 further including 

a tlurd film' overlying! the esctcemides of the 80 
depressions of the first film remote from the 
noh-iembossed pord(niS:Of such film, and s&- 
cu^ ta said ektcieinides so as to be sub- 
stantially parallel: to -die second film. 

A lamiiiated structure as daimed ia SS 
any of daims 17 to 22 fintlier induding a 
layer of material secured to that surface of the 
second fihai which is remote from the first 
film. 

.24. A laminated structure as daimed m 90 
dam 23 wherein the said layer of material 
is of paper* 

25. A laminated structure as daimed m 
daun 23 wherdn the said layer of material 
of textile fabric , 95 

""26. A laminated structure as daimed in 
claim 23 wherein the said layer of material 
is of rubber. ■ 

27. A laminated structure as daimed in 
daim 23 wherein said layer is of a foamed 100 
thermoplastics. 

28. A laixiinated structure as dahned in 
any : of claims 17 to 27 wherein the fihns are 
enclosed between barrier layers for protect- 
ing: the structure against gas or water vapour. 105 

i9. A laminated structure as daimed in. 
any of daims 17 to 28 which is cEdpsed. 
within a resilient material; ' 

36^ A. Jai)&ated structure as daimed in 
claim . 2$ wherein the resilient material is HO 
natural or synthetic rubber. 

31. A laminated structure as dauned in 
claiin 29 or 30 wherein said resilient material 
is a foamed materiaL 

32. A laminated structure as daimed in 115 
any of claims 17 to 31 iwherein each cdl con- 
tains a powdered materiaL 

33. A lammated structure as claimed in 
daun 32 wherein die powdered material is 
fire-iretardant. ^ 120 

34. A laminated structure as daimed in 
daim 32 wherein the powdered material is 
a desiccant. 

35. An assembly comprising a pair of 
laminated structures as daimed in any of 125 
daims 17 to 21" secured together in face to 
face relationship with ;depres$ions of one of 

the structures located between corresponding 
depi^ssions in die other structure. 
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36. A laminated stnKtnre as claimed in or Fig. 22; or Fig. 23 of tbe acconxpanying 

claim 17 and substantially as hefdnbdfare diawings. 

described with reference to and as iDuktrated W. P, THOA4PSON & CO., 

in Figs. 6, 7 and 10; ocr Figs. 11 and 12; or Chartered Patent Agents, 

5 Fig. 13; or Fig. 14; or Fig.. 15; or Figs. 17 12, dmrch Street 

and 18; pc Fig. 19 or Fig. 20; or Fig. 21; Liverpool, 1. . 

Leamingtoa Spa: Printed .{or Her Majesty's Stationery Office by the Courier Press.— 1964. 

Pablished at The . Patient Office, 25» Southampton Bnfldings, London, from which copies may be obtained. 
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